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ABSTRACT  OF  OBJECTIVES  AND  ACCOMPLISHMENTS: 

The  influence  and  manipulation  of  chemical  phenomena  occurring  at 
internal  interfaces  has  major  technological  importance  to  the  Air 
Force,  yet  is  an  area  of  basic  science  which  has  received 
relatively  little  attention  in  the  past  due  to  the 
characterization  problems  posed  by  such  systems.  Better 


characterization  techniques,  providing  both 
nondestructive  and  depth-profiled  chemical  and  structural 
insights,  are  needed  so  that  important  issues  in:  surface 
chemistry,  inter facial  adhesion,  microelectronics,  corrosion, 
metallurgy,  protective  coatings,  thin-film  science,  etc.,  can  be 
accurately  diagnosed  and  subsequently  manipulated  for 
technological  advantage. 

As  a  result  of  the  above  noted  realization,  we  have  constructed  a 
device  to  nondestructively  depth-profile  thin-film  samples  from 
the  topmost  monolayers  to  ca.  20  /im.  The  device  combines 
backscatter-sonversion  electron  end  backscatter-photon  Mossbauer 
spectroscopy  (CEAPS)  to  provide  depth-resolved  chemical, 
electronic,  magnetic,  and  morphological  information  over  this 
range.  An  Air  Force  sponsored  study  involving  the 
theoretical  and  experimental  development  of  CEAPS  as  well  as  the 
testing  and  demonstration  of  this  technique  on  a  number  of  model 
systems  has  been  completed.  During  our  efforts: 

o  CEAPS  has  been  used  to  study  interfacial  reactions  that 
occur  between  solid-lubricants  and  bearing  materials  after 
vacuum  annealing  and  reactive  gas  treatments.  The 

reaction  products  (FeS,  Fe-oxides,  FeMo2S4,  etc.)  affect 
both  the  tribological  and  adhesive  properties  of  the 
lubricant/bearing  system. 

c  C’ilAPS  has  provided  better  than  monolayer  sensitivity  for 
appropriate  nuclei  and  permitted  nondestructive  analysis 
from  the  topmost  monolayer  to  as  deep  as  20  /im  into  the 
specimen;  and  has  provided  surface  information  from  one 
monolayer  in  as  short  a  time  as  one  hour  permitting 
Mossbauer  spectra  to  be  collected  from  clean  surfaces  in 
laboratory  vacuum  for  the  the  first  time, 

o  Monte  Carlo  simulations  of  electronic  relaxation  following 
nuclear  decay  have  been  conducted  to  identify  generation 
mechanisms  for  low  energy  electrons  containing  surface 
information, 

o  New  theoretical  treatments  for  backscattered-Mossbauer 

spectroscopy  have  been  developed  and  experimentally  verified 
which  accurately  predict  angular  electron  distributions, 
energy  distributions  and  measured  signal -to-background 
ratios  thereby  allowing  more  detailed  nondestructive  depth¬ 
profiling  of  layered  substrates.  Inclusion  of  low  energy 
electrons  in  theoretical  models  permits  the  analysis  of  very 
thin  surface  layers,  and  provides  enhanced  surface 
sensitivities, 

o  CEAPS  studies  have  revealed  the  chemical  and  morphological 
sources  of  deactivation  in  FeTi-hydride  systems, 

o  The  above  noted  deactivation  pathways  have  been  eliminated 
by  means  of  a  protective  palladium  coating,  the  chemical  and 
structural  integrity  of  the  buried-interface  (i.e., 


coating/FeTi)  has  been  examined  using  CEAPS  to  verify 
performance  criteria, 

o  We  have  discovered  low  energy  resonant  electron  signals 
below  15  eV  (i.e.,  signatures),  which  are  produced  in  the 
topmost  monolayers  of  the  sample,  and  which  permit  easy 
deconvolution  of  this  layer  from  the  remainder  of  an 
infinitely  thick  substrate.  This  procedure  permits  CEAPS  to 
be  used  in  a  more  complementary  fashion  with  other  surface 
science  techniques. 

o  CEAPS  was  used  to  monitor  monolayer  equivalent  oxidation  of 
substrates  with  30  nm  silica  coatings  to  verify  coating 
effectiveness  for  corrosion  resistance  when  exposed  to 
simulated  LEO  environments, 

o  Ion  beam  mixing  of  a  buried  Fe/Sn  interface  was  studied  from 
both  Fe  Mossbauer  and  Sn  Mossbauer  perspectives  revealing 
the  intermetallic  compounds  responsible  for  the  adhesive  and 
corrosion  resistant  properties  of  this  system. 


AFOSR  Program  Manager:  Lt.  Col.  Larry  W.  Burggraf 

Capt.  Lee  E.  Myers 


FINAL  TECHNICAL  REPORT 

Investigation  of  Coupled  Surface  and  Bulk  Reaction  Phenomena 
Using  Combined-Backscatter-Conversion  Electron 
and  Backscatter-fhoton  Mossbauer  Spectroscopy  (CEAPS) 

1.  Objectives  and  Statement  of  Work 

The  influence  and  manipulation  of  chemical  phenomena 
occurring  at  internal  interfaces  has  major  technological 
importance  to  the  Air  Force,  yet  is  an  area  of  basic  science 
which  has  received  relatively  little  attention  in  the  past  due  to 
the  characterization  problems  posed  by  such  systems.  Better 
characterization  techniques,  providing  both  nondestructive  and 
depth-profiled  chemical  and  structural  insights,  are  needed  so 
that  important  issues  in:  surface  chemistry,  interfacial 
adhesion,  microelectronics,  corrosion,  metallurgy,  protective 
coatings,  thin-film  science,  etc.,  can  be  accurately  diagnosed 
and  subsequently  manipulated  for  technological  advantage. 

As  a  result  of  the  above  noted  realization,  we  have 
constructed  a  device  to  nondestructively  depth-profile  thin-film 
samples  from  the  topmost  monolayers  to  ca.  20  /im.  The  device 
combines  backscatter-conversion  electron  and  backscatter-photon 
Mossbauer  spectroscopy  (CEAPS)  to  provide  depth-resolved 
chemical,  electronic,  magnetic,  and  morphological  information 
over  this  range.  An  Air  Force  sponsored  study  involving  the 
theoretical  and  experimental  development  of  CEAPS  as  well  as  the 
testing  and  demonstration  of  this  technique  on  a  number  of  model 
systems  has  been  completed. 
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2.  Status  of  Rssearch  and  Accomplishments 

Research  conducted  during  the  contract  period  has  resulted 
in  the  following  f indings/accomplishments: 


o  CEAPS  has  been  used  to  study  interfacial  reactions  that 
occur  between  solid-lubricants  and  bearing  materials  after 
vacuum  annealing  and  reactive  gas  (H2>°2)  treatments.  The 
reaction  products  (FeS,  Fe-oxides,  FeM02£>4,  etc.)  affect 
both  the  tribological  and  adhesive  properties  of  the 
lubricant/bearing  system,  [see  publication  17  and 
presentations  5  and  7] 

o  CEAPS  has  provided  better  than  monolayer  sensitivity  for 
appropriate  nuclei  and  permitted  nondestructive  analysis 
from  the  topmost  monolayer  to  as  deep  as  20  /im  into  the 
specimen;  and  has  provided  surface  information  from  one 
monolayer  in  as  short  a  time  as  one  hour  permitting 
Mossbauer  spectra  to  be  collected  from  clean  surfaces  in 
laboratory  vacuum  for  the  the  first  time,  [see  publications 
1,6,7,16  and  presentation  1] 

o  Monte  Carlo  simulations  of  electronic  relaxation  following 
nuclear  decay  have  been  conducted  to  identify  generation 
mechanisms  for  low  energy  electrons  containing  surface 
information,  [see  publications  7,14,16,18  and  presentation 
5] 

o  New  theoretical  treatments  for  backscattered-Mossbauer 

spectroscopy  have  been  developed  and  experimentally  verified 
which  accurately  predict  angular  electron  distributions, 
energy  distributions  and  measured  signal-to-background 
ratios  thereby  allowing  more  detailed  nondestructive  depth¬ 
profiling  of  layered  substrates.  Inclusion  of  low  energy 
electrons  in  theoretical  models  permits  the  analysis  of  very 
thin  surface  layers,  and  provides  enhanced  surface 
sensitivities,  [see  publications  1,2,4,5,8,14,18  and 
presentations  2,3,5] 

o  CEAPS  studies  have  revealed  the  chemical  and  morphological 
sources  of  deactivation  in  FeTi-hydride  systems,  [see 
publications  9,10,12,13,15  and  presentations  4,6] 

o  The  above  noted  deactivation  pathways  have  been  eliminated 
by  means  of  a  protective  palladium  coating,  the  chemical  and 
structural  integrity  of  the  buried-interface  (i.e., 
coating/FeTi)  has  been  examined  using  CEAPS  to  verify 
performance  criteria,  [see  publications  9,10,12,13,15  and 
presentations  4,6] 

o  We  have  discovered  low  energy  resonant  electron  signals 
below  15  eV  (i.e.,  signatures),  which  are  produced  in  the 
topmost  monolayers  of  the  sample,  and  which  permit  easy 
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deconvolution  of  this  layer  from  the  remainder  of  an 
infinitely  thick  substrate.  This  procedure  permits  CEAPS  to 
be  used  in  a  more  complementary  fashion  with  other  surface 
science  techniques,  [see  publications  3,6,7,11,16,18  and 
presentation  8] 

o  CEAPS  was  used  to  monitor  monolayer  equivalent  oxidation  of 
substrates  with  30  nm  silica  coatings  to  verify  coating 
effectiveness  for  corrosion  resistance  when  exposed  to 
simulated  LEO  environments,  [see  publication  20  and 
presentation  8] 

o  Ion  beam  mixing  of  a  buried  Fe/Sn  interface  was  studied  from 
both  Fe  Mossbauer  and  Sn  Mossbauer  perspectives  revealing 
the  intermetallic  compounds  responsible  for  the  adhesive  and 
corrosion  resistant  properties  of  this  system,  [see 
publication  19] 
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6.  Mew  Discoveries/  Inventions  and  Patents 


No  patent  activities  have  been  pursued.  Appropriate 
discoveries  and  technical  accomplishments  are  listed  in  Section 
2. 
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